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ABSTRACT

This position paper presents an ontology for matchmaking users’
profiles in open mobile systems. This ontology can aid to promote
activities involving spontaneous collaboration. This work is
contextualized in an application to support the negotiation of
shuttle service tickets. We also propose a matchmaking service,
used to combine users’ profiles to form groups to bargain discount
in tickets negotiation. Furthermore, we applied a law enforcement
approach to guarantee the dependability of the case study
prototype implementation.
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1. INTRODUCTION

The collaboration in a static network is different from the
collaboration in a mobile one. In spite of being directed by a
global goal or task, the collaboration among mobile users consists
of occasional and spontancous collaborations where users, that
generally do not know each other, are interested in sharing their
knowledge, ideas or developing some activities together in the
context of a virtual community.

Spontaneous interaction [6] is defined as an action that occurs in a
location where persons communicate with each other to satisfy
immediate necessities. Naturally, this interaction occurs when two
“agents” meet to negotiate, coordinate or collaborate towards a
common goal.

A service to support spontaneous interaction must provide means
to analyze and to discover similarities between users’ profiles
(matching function). With the combination of this matching
service with a localization one, it is possible to discover persons
with similar profiles, co-localized at the same time instant. This
combination is possible due to the advances in devices like
mobile phones or PDAs (Personal Digital Assistant) and to the
popularization of Wireless networks (WLAN).

Ontologies are alternatives to model mobile users’ profiles. An
ontology is a formal description of concepts and relationships
among them that exist in a domain [5]. Using ontologies, it is
possible to infer and to obtain facts about users’ profiles. These
inferences could be useful to add new information about users’
profiles. In this work, we use ontologies to represent users’
profiles, describing the relationships among persons, interests and
locations.

Persons have interests in places or situations where they live.
Typically, specific interests have more or less importance
depending on the user location. In this way, the information about

the users’ profile has a specific connotation concerning which
information the user wants to share with others in a specific
location. Thus in a collaboration context scenario, when the
information | is associated with a location L, this means that the
user wants to collaborate about the interest | in the location L.

In this work, we present an ontology for users’ profiles
matchmaking in open mobile systems and for promoting activities
involving spontaneous collaboration. We also propose a
matchmaking service, used to identify users’ profiles similarities.

Besides, we present a case study that was elaborated to provide
means to experiment the application of this approach. This
application is a shuttle service ticket negotiation system. In this
application, the ontology and the matchmaking service are used to
form groups that will participate in the negotiation of tickets to
bargain discounts.

Complexity and uncertain are issues that must be analyzed during
the development and evolution of open mobile systems. Usually,
there is no control over the development of the entities that will
form the system. In this way, the quality of the entities and of the
whole system could be compromised. In this sense, we propose to
apply a law enforcement approach guided by a risk-driven method
for multi-agent systems (MAS) development. This approach aims
to contribute to the improvement of dependability attributes,
providing means to perform a continuous evaluation of the system
guided by the identification of dependability requirements

The paper is structured as follows. In Section 2, we discuss the
mobile trader case study. The ontology for mobile collaboration
and the matchmaking service are presented in Section 3. Section 4
explains the law enforcement approach. Related work is described
in Section 5. Finally, we conclude in Section 6.

2. MOBILE TICKET TRADER

Large airports have expressive numbers of potential users. A
system with this large number of potential users and parts
involved should be carefully designed and verified; otherwise it
tends to be a cumbersome and presents lots of inadequate
behaviors and consequences.

In an era where software permeates every aspect of our society,
users could have access to the airport services using systems like
PDAs and mobile phones. Due to resources limitations, the client
applications must be lightweight, that is, they cannot require a
large amount of memory and processor to execute ordinary tasks.

Suppose an airport where shuttle service companies and
passengers have an immersive environment for negotiating shuttle
tickets. Immersive in the sense that the goal of this environment is
to enhance computer use by making many computers available
throughout a physical environment and by making them



effectively visible to as many users as possible. Shuttle service
companies and passengers are represented by software agents and
they can enter or leave the environment at their own will.

Frequently, companies offer tickets in shuttle services. The goal
of this kind of company is to sell the maximum number of tickets,
to increase the user satisfaction and to charge them as much as
possible. Passengers use palmtops when they arrive at the airport
to buy shuttle tickets. Each passenger has a specific profile that
defines his/her preferences concerning the destination, maximum
acceptable ticket cost, and any other characteristics.

In this context, imagine a scenario where persons could bargain
discounts because they are buying more tickets in a same
negotiation process. This group should be formed considering
common preference attributes of the participants specified in their
personal interests, e.g. the same destination, price, comfort or
time of departure.

In the whole negotiation process a specific step exists for forming
groups of interests, where the participant personal profiles are
combined aiming to inform other participants that have close
interests. Using this information, it is possible to form a group
with close preferences and this group can bargain discounts with
the sellers.

For instance, a passenger that arrives in Rio de Janeiro Airport in
a hurry wants to buy a ticket of the first shuttle going to
Copacabana, i.e., he accepts to pay any price to arrive there as
soon as possible. Basically, his profile can be described by the
goal of minimizing the time spent with the trip, instead of a higher
cost of ticket acquisition.

2.1 Development Approach

Software agents [22] can be used to develop open mobile systems.
Agents were used to accomplish the scenario presented in the
introduction section. The concept of an open system is considered
in terms of a dynamic set of interacting entities, where no single
individual or organization is in control of the construction or,
consequently, behavior of the set as a whole [10]. In this sense, an
open environment is uncertain; that is, the same component that
provided an answer to an earlier request may not be available
when called upon again [22].

Moreover, open systems consist of many distributed,
asynchronous components that are open to interaction with their
environment. The functionality of an open system is not defined
by the result of evaluating an expression; instead, the relative
state of components, the relative timing of actions, locality and
distribution of the computation, among others, are all critical to
the correctness of the system [1]. These systems are populated by
heterogeneous components, normally developed by different
people using different languages and architectures.

The explicit identification of organizational rules is an important
issue in the context of open systems. With the arrival of new,
previously unknown, and possibly self-interested agents, the
overall organization must be able to enforce its internal
coherency, despite the dynamic and untrustworthy environment
[23]. Trying to regulate and to limit part of the unpredictable
behavior that open systems can present, we propose to apply a
law-enforcement approach [17].

Furthermore, a risk driven method is applied to identify the
challenges, benefits and treats of the under development solution.

Understanding the risks, it is possible to specify interaction
protocols and laws that will regulate the multi-agent system.
Below (Figure 1), we have an illustration of the case study
protocol specification.
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Figure 1 - Agents Execution Scenario

3. ONTOLOGY FOR MOBILE
COLLABORATION

An ontology not necessarily describes all the concepts and
relationships of an application domain, although, it presents a
specific view point concerning some aspects of it. An ontology
can also be seen as a contract between partners, in which, they
agree with the relationships and concepts previously discussed,
providing in this way, a communication mechanism inside a
specific domain of information.

We can infer facts concerning the application domain using an
ontology because it is a formal description of concepts and
relationships. The information about users’ profiles is generally
incomplete [2], and in sometimes the users have to fill a long
form of input data. Ontologies could contribute to minimize the
work necessary for fulfilling this demand. For example, if a user
U in a specific location where people want to buy tickets for a
shuttle service, with a specific level of comfort, an application
could infer that U is interested in that level too. Thus, the
application could ask U to confirm the veracity of this fact in this
location, explaining how it got this alternative. In this approach,
the final decision is always decided by the user. In this way, we
avoid that wrong inferences could interfere in users’ decisions or
profile maintenance, and also avoid that users could be asked to
fill long preferences forms.

An ontology to support mobile collaboration must provide means
to users making their relationships networks. This is one of the
goals of FOAF ontology (Friend of a Friend) [8]. One of the most
interesting properties of FOAF is the foafiterm_knows, i.e., a
relationship that could indicate that a user know another user. We
extended FOAF and included a specialization of the concept
person, and then we modeled the ontology for mobile
collaboration (Figure 2).

The main extension of the ontology concerns the relationships
between people and interests. In spite of expressing that a person
has a set of interests with an immutable importance, we decided
to create a concept named InterestLevel that a user has in a
specific location. Thus, an interest level refers to an interest topic
and to a name of a location, for instance, “at home”, “at the
office”, “at shopping”, and etc. Locations are regions where the
users usually go and where they want to define a specific
preference. Examples of relationships between interests and
locations could be “soccer news at home”, “www at office”, and
SO on.

After reaching a user using the matchmaking service, the
ontology has some concepts that could be useful for further
communication. The concept Task indicates the list of activities



that an user has available. The concept Service is specialized in
sharing, indicating a directory for P2P. The concept
Communication indicates which protocols could be used to send
messages. There are also the concepts of language and
proficiency that indicate the languages that the user can
understand and the level of proficiency he has.
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Figure 2 - Mapa conceitual da Ontologia

Using Jena [11], it is possible to manipulate, consult and persist
OWL [16] files. Besides, it is possible to create inferences
machines for this language. Internally, Jena has the
implementation of an efficient algorithm called RETE [9]. For
example, the rule (Table 1) indicates that a person is in a specific
location and infers if this location is associated with a specific
type of interest.

Table 1 - Jena Inference Rule Example
[ rulel: (?p eg:isLocated ?1),
(?1 eg:isAssociated ?1) — (?p eg:hasInterest ?i) ]

We intend to use inferences to ask confirmations to the user
concerning the identified interests in a specific location.

3.1 MatchMaking Service

The MatchMaking Service is based in a linear correlation
algorithm called Pearson R [18]. This algorithm is used to match
the profiles. The correlation is a measure associated to the
relationship between two or more variables. The variation of the
correlation coefficient ranges from -1.00 till +1.00. The value -
1.00 indicates a negative correlation and the value +1.00 indicates
a positive one. The value 0 indicates an absent of correlation. The
correlation coefficient Pearson R is calculated as indicated below,

where U and J indicate the values associated to interests, U and

J represent the average of the interests U and J.
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Figure 3 - The Pearson R Algorithm

For example, the table (Table 2) indicates the preferences of four
people concerning the price and the time of departure of shuttles.
The values were associated according to a scale that ranged from
1 (indicating low interest) to 10 (indicating high interest).

Table 2 - User Preferences

Low Price | Comfort 10 AM 1 PM
John 7 7 9 3
Mary 9 6 7 9
Steve 8 5 8 4
Paul 3 8 5 7

The comparison coefficient between the interests of John and
Mary is calculated as described below.
Pearson (John, Mary) =

(7-6,5) * (9-7,75) + (7-6,5) * (6-7,75) + (9—6,5?
* (7—7,75? + (3-6,5) * (9-7,75)) / SQRT (((7-6,5)

+ (7-6,5)" + (9-6,5)? + (3-6,5)° ) > ((9-7,75)% +
(6-7,75)° + (7-7,75)% + (9-7,75)? ))

= -0.573964

3.2 MMS API

The Matchmaking Service (MMS) offers an API. Basically, this
API has methods to manipulate and persist profiles descriptions,
provide means to communicate with location services and has
methods for realizing the comparisons between profiles 1:1, 1:N
order. The data are sent by the client to the service using the
OWL format. They are manipulated and are persisted using Jena.
Internally, the MatchMaking Service manipulates OWL triples in
relational data base tables.

The MatchMaking Service has methods that provide means to
communicate it with a localization service that is associated with
the middleware architecture called MoCA [20]. When a user U
queries who in nearby has profiles similar to his, initially the
localization service discovers all the MAC address of mobile
devices of users that are co-localized with U. This list is returned
to the MatchMaking Service and this service discovers the
profiles associated with those MAC addresses. It is important to
notice, that in the first time that the user uses the Matchmaking
Service he sends their profile that is promptly associated with his
MAC address.

After discovering from whom the addresses are, the
MatchMaking Service converts the OWL triple into collections of
objects and they are used by the Pearson R algorithm to calculate
the correlation coefficient.
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Figure 4 - MMS Architecture

The Figure 4 shows the interaction among the elements of the
MMS architecture. The interaction 1 shows the request and the
response to process a request, 2 shows the process when a new



user saves her /his profile. The number 3 indicates that sometimes
one process infers the profiles.

4. ALAW ENFORCEMENT APPROACH

As mentioned before, the quality of open mobile system solutions
could be compromised if we do not have a certain control over the
development or the execution of these applications. Specification
documents and rules could be -elaborated to guide the
development of these entities to a desired behavior, or it is
possible to enforce those rules that could act like a boundary that
stipulates the level of freedom that those units have to maintain
considering acceptable dependability levels. This rules or laws are
applied on software agents and describe permissions, prohibitions
and obligations that software agents must obey [12].

In this sense, our approach provides a mechanism to enforce laws
that were previously specified through all the software agents that
participate in the open system. In law-enforcement architecture
(Figure 5), there exists a mediator that monitors every interaction
between agents and enforces the laws applying the specified
consequences, whenever needed. Basically, the mediator works
like an interceptor of all messages exchanged by the agents during
their conversations.

Agent A - > _— Agent B

Figure 5 - Law Enforcement Architecture

An effort to obtain a more dependable solutions has a cost
associated [21]. If we do not make a careful analysis of the system
or the relationships that exist among their variables and neither
have a criterion to guide the development decisions, the uncertain
will dominate part of the resources applied during the
development of the solution, i.e., development efforts could result
in a waste or not achievement of quality goals.

In this work, we apply a method to prevent or reduce the
likelihood of occurrence of this wastefulness guiding the law
enforcement approach basing the specification, implementation
and monitoring of open multi-agent system on risk analysis. The
method is composed by three phases: the analysis and
specification phase, the implementation phase and the law
enforcement execution monitoring phase. This method is based on
open systems risk identification. The risks are specified as a chain
of relationships among causes and consequences states, and its
probability of occurrence. Laws are elaborated and specified
through the analysis of the risks. Consequences of not observing
laws are described and implemented too. During the specification
phase, metrics and estimations are identified. Metrics information
is collected during the execution phase and is compared to the
estimations. Reengineering decisions could be made based on the
observation of the system resultant behavior and comparison to
what was expected.

To show an example of a law description, we will further specify
the payment phase. This phase starts if there is success in the end
of the negotiation phase. If the negotiation process is done by a
group, the whole group must complete the payment phase and
honor their commitments. If one member of the group does not
fulfill its obligations, there is a risk of a failure in the whole
negotiation process. Then, it is necessary to specify a norm to
deal with this situation and protect buyers and ticket sellers of
known “bad” agents. The norm can be informally specified in the
following way:

After the success of the negotiation all members of the group
acquire the obligation of paying the ticket. If one of them doesn't
pay the ticket, it will be prohibited of future interactions in the
airport.

Furthermore, many other laws can be specified aiming to deal
with the unpredictable behavior of the participant agents. This
informal specification should be certainly specified in a formal
manner. However, focus on the law specification is out of scope
of this paper.

5. RELATED WORK

The notions of spontaneous and occasional collaboration based on
profiles were presented in [13]. In this sense, they describe
Proem, a mechanism that helps the publication and exchange of
personal profiles. This article does not mention the use of
ontology for helping the semi-automatic filling of users’ profiles.

Cali et al. [2] propose the realization of inferences for completing
users’ profiles for other application domains. After that, they
present an approach for profile matching but it is not applied on
the mobile system domain.

The work presented in [3] concerns the development of
applications in intelligent spaces. For this purpose, they applied
techniques of semantic web to infer about information of users’
contexts. Chen’s work proposes an architecture for the
development of intelligent spaces called CoBRA. CoBRA has
some services that are similar to MoCA. But his work does not
deal with spontaneous collaboration, but provides some tools that
could be useful to promote the interaction between users that
know each other previously.

Electronic institutions approach [19,7] formalized concepts
related to law enforcement and also developed software tools to
facilitate the institution's design. Law Governed Interaction (LGI)
[15] proposes a mechanism for coordinate and control
heterogeneous distributed systems. Cole [4] also proposes a way
to identify laws in real world problems but he does not deal with
issues related to law enforcement and specification. Mineau [14]
proposed that laws should be specified using a conceptual graphs
approach but does not propose any enforcement mechanism.
These works influenced our law enforcement architecture and
implementation.

6. CONCLUDING REMARKS

This position paper presented an ontology for users’ profiles
matchmaking in open mobile systems and for aiding in activities
involving spontaneous collaboration. The ontology described in
OWL has been useful to represent spontaneous collaboration data
and was used as a standard for software agents’ communication.
As a future work, we will provide mechanisms to aid users to fill
their personal profiles using inferences on the ontology. This
work presented an application to aid the negotiation of shuttle
service tickets in an open mobile system context. We proposed a
matchmaking service, used to combine users’ profiles to form
groups to bargain discount in tickets negotiation.

With the application of our law enforcement approach [17], we
believe that mechanisms were provided to aid the convergence of
the underdevelopment software into a solution that contains the
set of desirable requirements, i.e., it has behaviors that conforms
to the laws descriptions. Furthermore, we believe that the domain



of open mobile systems is a good candidate to improving our law

enforcement approach, because it provides complex scenarios of

interaction between its participants.
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